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Pssscriptfors 

|OS01] Theiwei - - »g - 1EAs) at both 

the transmitter and receiver. 

Back gr ound of the invention 

m [0502] The transmission en (ultimate bit ^ i a digital m < ' , - i , i !< system is based on a i < n i 
ot different parameters including (a) total radiated power a; the transmitter, (b) the number of antenna elements a; the 
transmitter and receiver, bandwidth, (c) noise power a? the receiver, (d) characteristics of the propagation environment, 
etc. For a wireless transmission system employing an appreciable n it of antennas at both the transmitter and 
retett,p i t \t ^ t t t -ould be very large, 

w 4 >e id per Hz with a roast S gnai to Noise Ratio (SNR) of 18 dB. Heretofore, it was difficult for 

i h 1 i i > a i h r?r t - t th i -t d 

not appreciate fee problems thai had to be solved in order to build a targe bit rate system. 

[0003] EP-A-0 817 401 discloses decomposing an n-dimensionaf system into n-one dm en i 
capacity when the transfer <H matrix) characteristics of the wireiess channel are unknown to the transmitter, More 

so , ^ c-eeived during respective periods of time over a plurality of antennas associated with 

a wireless rooo v. r are fo rr e s^acs and time reiationships sn wh - p - i 

transmitter antenna elements are preprocessed, sn turn, such that a collection of signal - avsrig the same 

spacs 'time • oiationsbip form a signal vector so that particular decoded signal contributions may be subtracted from the 
signaivt < r i na y be lied" «. * the signal vector. The resulting vector is thsrf 

ss supplied to a decoder for decoding to detect a primitive data stream. 

[0004] EP A 0 \ 1 -fsa multiple antenna system that creates virtual sub-channels from an actual commu- 
nications channel by using propagation information characterizing the actual communications channel at first and second, 
units. For transmissions from the first unit to the second unit, the first unit sends a virtual transmitted signal over at least 
a subset of the virtual sub-channels using at least a portion of the propagation information. The second unit retrieves a 

3o corresponding virtual received signal from the same set of virtual sub-channels using at feast another portion of said 
propagation information. 

a j ^ , „ , > 

35 [0005] We have recognized that a wireless communications system that transmits at a substantial bit rate may be 
achieved, in accordance with an aspect of tha invention, by decomposing an m -dimensional system into m -one dimen- 
sional systems < possibly a different capacity) wiser- the ; >i<- ! matrix) characteristics of a wireless channel are 

unknown t a ei s smitle dore specif ily a i i rda . h tht >rindp!< thr inv nt mr tot signal 

vectors is formed from different data symbols end then transm t 1 1 

40 The transmitted vector symbols are goal vectors ality of < « ia ec with a 

Wireless receiver, The symbol components of the transmitted vector symbol have an (arbitrary) order and the receiver 
determines the best reordering of these transmitted components and then process? i ' > f 

the reordered transmitted symbol components. Such processing starts with the lowest (e.g., first) level of the reordered 
component; - 1 t s out interfering contributions from lowei Is, If an tisoutmterf* 

45 contributions from higher levels, if any. 

[0SQ@] Such receiver processing includes, in accordance with one embodiment of the invention, compensating the 
weaker of the received transit lifted signal components by fast removing the Interference from the stronger of the received 

< * rr process - ; to form the bit decisions. 

IQ0Q7] These and o-h- aspects of the invention may be apprecia m the f 3 corn 

so panying drawings and claims. 

Brief Description $ i 
[000BJ in the drawings; 

55 

FIG. I illustrates n block diagr am > a wireless tr ansmitier and receiver i \ n ;he < i x of the invention; 
FIG, 2 illustrates a more detailed block diagram of the wireless receiver of FIG. 1 ; 



EP0 951 ©91 B1 



t i t i the n dimen- 

sional c pf ie m -to sofa reeehmd burst of k vectors; 

FIG. 4. illustrates graphically the way in which such processing is; achieved to Ruminate interienng signals from a 
5 Signal vector being p;ocessed by the receiver of FSG. 2, 

FIGs. 5 and 6 illustrate fa flow chart form !hs program which implements such reordering in the processor 60 of FIG. 
2; and 

'to FIGs ? and 8 Hit t * hep s pi jgram which processes each received vector signal to 

d ■ ibois 

Detailed Ossea-ipfioni 

15 [0000] The following illustrative embodiment of the invention is described in the context of a point-to-point communi- 
cation architecture employing a transmitter having an array of k antenna elements and a receiver having an array of rt 
antenna elements, where, in an Illustrative embodiment of the invention, k & n and both values are > 1 . For example, 
tor transmissions at 1.9 GHz, k< 16 and n = 16. Moreover, as will be seen below, the bit rate/bandwidth, in terms of the 
number of hlts/cycie, that ntay bo achieved using the inventive architecture is Indeed large. 

so [0010} For the sake of clarity, the detailed description assumes the following conditions Sped l >si ie that the 
transmitter and receiver, FIG, 1 , are spaced very far apart, for example, 100X. Also, the volume of such transmit and 
receive spaces is sufficient to accommodate < > 

receiver may be reversed and several antennas would stiff be available at the receiver to receive substantially spatially 
deconmG i s ai ng from electromagnetic wa e -nitter. This 

2$ randomly faded matrix channel ch d be < the transmitter Out may be "learned" by the 

receiver using certain channel measurements. Such training may be done by, for exampk p ications of 

standard n-fold receive diversity, one such application per transmit antenna. One example of this procedure is disclosed 
in the article entitled "Signal Acquisition and Tracking with Adaptive Arrays in the C t Radio System lS-54 

with Flat Fading", by J. H, Winters and published in the lEbfc November 1 993. 

30 [00,1 TJ The following description is also discussed in the context of burst mode communications, in whiph temporal 
e assumed to be negligible over the duration of a burst of data, and in which tru . , 
(i.e., trai amission e 1 nnel may change from burst to burst. Because oi 

that may be achieved is treated as a random variable. Along with (m, t%), a key s <s the spatial average 

Signai-to-Noise Ratio (SNR), p, as would be measured using a "probe" antenna element at the transmitter end and at 

■36 the receiver end of the transmission volumes. The total radiated power Is considered to be constrained so that if m, for 
example, Is Increased, there is proportionately less power per transmit antenna. {Note, that in a Rayietgh propagation 
enviionment, o - tux , ' - e ii it n i ntennas). 

[0012] As mentioned above, the tra < i 

to be discrete. Also assume the following notation: 

40 I >0 IS] The tra gardiess 
of the value of m (the dimension of s{:)s For the sake of simplicity, the following discussion assumes that the bandwidth 
is sufficiently narrow so that the response of the channel may be considered to be flat over the channel s, que 
[0014] The noise signal at the receiver is designated as v(t), and is a complex n-D {D«* - t - i < ite 

Gaussian Noise (AWGN) process with statistically independent components of identical power N (one component for 

'« each of the n receiver antennas). 

[0015] The received signal ie designated as r(t), and. at a particular point in time, a received n-D signal Includes one 
complex component per receive antenna, in the case where there is only one transmit antenna, then the transmitter 
radiates power P 0 and the resulting (spatial) average power at the output of receivin I by F 

[0016] The spatial average SNR. p. at each receiver antenna is considered to be equal to P/R and independent of m 

so in the Rayieigh propagation case. 

>f a burst > dais - k vector symbols and is assumed to be equal to me number of intervals 
('ticks") of a discrete ti ^ G 1 t t 

G i A so-oaiied metric channel impulse response. < has m columns arid ri rows, b Is used for the fGtuber 
transform of o(t;. To be consistent with the narrowband assumption, f matrix/transform is considered to be re 
55 over the band of interest, in which notation G indicates thai frequency dependence >s suppressed Thus, except tar g 
(0) g(t - 1 x As will be seen, it may be convet jr h rsnelsn a 

normalized form, h(t) Also, related to Q, and for a matrix H, the equation P 1/r G P 0 I J onship between 

G and H, which provide g{t) == {PyP) * h<t) 
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[0019] Further, realizations of a form of M for an idea! Rayislon propagation environment may be modeled so that the 
mjcn matrix entries are the result of independent identically distributed complex Gaussian variables of unit variance. 
(QQ2Q] With t nd uasng * Jo designate ro a > i $ 

channel environment affecting a transmitted signal may be represented as follows: 



iW SCO* «tt 4- V (t) (1) 

The two vectors added on the right hand side of equation (i ) are complex n-Dfdimensionai) vectors (i.e., 2n real dimen- 
sions}. For the above narrowband assumption, equation i may Oe simplified by replacing the convolution using a matrix - 
vector product as follows: 



r{\) * (fltfP • m))* ■ h(t) • s(t) 4- V (t) (2) 



[0021] A broad >l 1 j i i I i i i s ■> i t r received 

vector signal described by equation 2 Is shown FtG. 1. irr particular, source 50 supples a m -dimensional signal to 
tsansmiUt processor 1 t 1 0- 1 through 1 10-ka m-difnensional 

syjTfbo! generated as a result of using m instances of a pad 1 t i chntqt 3.g . Q idreturo A f tuck 

Modulation (QAM), in which each symbol component corresponds to a group of sequential hits, In an Illustrative em- 
bodiment of the invention, the selection of m transmit antennas may be arbitrary. However, the selection could turn out 
to be- inferior. Rather than being "stuck" with such a selection, transmitter processor 100 is arranged to systematically 
{or randomly) change the selection of antennas to avoid being "stuck" with an inferior selection for any appreciable 
amount of time, (it is nmed mat in en* 1 en s 1 fe t ic h < hanne! from receiver 

200 to transmitter 1 00 is provided. The selection of transmitter antennas is then somewhat optimized based on information 
provided by receiver 200 to transmitter 1 00 via the feedback channel (represented in FIG. 1 by the dashed line.) Trans- 
mitter processor 100, more particularly, may be arranged to initially match the sequential order in which symbols are 
generated with the order of antennas 1 1 0-1 through 1 10-k, in which the first of such symbols is transmitted over antenna 
110-1, the second symbol is then transmitted over antenna 110-2. and so on. If that selection turns out to be inferior 
based on the receiver feedback information, then transmitter processor 100 may change the selection or use a subset 
of the transmit antennas 1 10-i, ail in accordance with an aspect of the invention. For example, as a result of such 
feedback, if the < - s" that the environment of the channel over which antennas 1 1 0-k-1 and 1 10-k transmit, 

then processor 100 may use just a subset of the antennas, e.g., 110-1 through 1 1Q-k-2, and select those antenna that 
may possibly result in the best reception at receiver 200 as reported via the feedback channel.} 
[0022] For the system of FIG. 1 , rri different QAM signals may be considered to be statistically independent, but are 
m c I t (Hi - ] i i I ' < t <Ai Xinnh < < 

components of a received vector will also be referred to herein as a s sire I > tionaf c« «en q(t) 
may be defined as follows: 

mt)&iPJ(P-m)f-s{\) (3) 

on (2) may then be expressed simply as 



r(t)- h{l5 q{l) * v(t) (4) 

Tt e ryoesved s ec?or (f), is used let! snts of the vec - whict nponents >f the 

signal vector. t(t), are received by each of the receiver 200 antennas ISO- 1 through 1e0-a ; respectively. The 
of the received signal to delect the transmitted symbols is the problem thai receiver 200 needs to solve in accordance 
wsth the principles of the invention. The detected symbols are then mapped to respective bit sequences to reconstitute 
the original bit stream. 

[0023] Nc e i ? ! i i i s p > < i 

received vector suppresses the argument (t). Thus, for example, r(t) will foe referred to simply as r, q{t) as q, etc. 
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[0024] Receiver 200.. FIG. 2, mom particularly includes, Inter alia, a bank of conventional RF receiver sections (no; 
shown) which respectively interface with antennas 120-1 through t2G-n. it also Includes detection processor 201 , which 
is made up of preprocessor {also just processor) 60 and symbol processor 65, and multiplexer 70. Preprocessor 60 
receives the signals as respective signal vectors from the n antennas 120-1 through 120-m and preprocesses each 

5 received signal vector to eliminate Interference between the signal components forming that vector. Such processing 
includes (a) subtracting interference stemming from previously detected transmitted symbols from the vector being 
processed, i nulling out of the vector being processed interference from otner transmitted symbols that have not yet 
been processed and detected, and (c) using the stronger elements of the received signal to compensate for the weaker 
elements, alii a esofthe invention z- 3 1 aw in detail. (S cb processes 

10 areffksTsjiedmP'G J-asp 1 hrough 407.) in accordance with < - fthelnve ior suchc ?mpensaiion 

is achieved by determining the best reordering of the transmitted components for their detection and then processing 
the received vector to determine the reordered transmitted symbol components. 

[0025] The reordering of the transmit components ay be achieved by. fc 1 > 1 
vertical stack (level { 1 )) me detection ot cos- »>■ , v n > tm t i > h it otters the largest 

'5 SNR. then placing next In the vertical stack {level (2)) the detection process that will estimate the transmitted signal 
c mpone it haying the next '-» - °>f H • --in t ' t - - ^ ^ined 

below in detail. (It can be appreciated from the foregoing that an alternative stacking arrangement could be readily used), 
[0026] A received vector has n complex components respectively received by antennas 1 20- 1 through iSO-n. Processor 
60 further proce *es th* 1 1 •> t mie s < o h ixnt d at ^ < -0 

s; 85 processes the symbols to determine the data substreams (also herein : 'bif decisions") respectively corresponding to 
the symbols. Symbol processor 65 then stores the "decision bits" in memory 61 so that the decision hits may be used 
} a - i it ! « 1 n t < / ct< i i 

I u I ' if 1 i t i < < h t in 1 

data stream outpotted by source 50 (FIG. 1). 

25 

[00?; 7 j For the following < I r t ( •> ■> -> 

as impaired by the environment of channel 125 plus additive noise. (Note that the following - given in the 

30 tortk >♦ 1 ' >i > tt one of the received vectors It is tone d rstocx . cc J tnat such proeessing/dectecttpn 
(\ ■» lv pv.tr _< h - \ - 1 \ sKtor is received by n receiver antennas, e.g., 12 

dimensional transmit vectors received via 16 antennas. Also consider that the decision statistics are to be stacked from 
the bottom up - i.e., as levels (1), (2), ... (m) as shown in FIG. 3, in which the vector at the first (bottom) level offers the 
largest SNR for the first of the transmitted components thai will be detected. For such an iteration of the vector signals, 

35 assume that receiver 200 has composed the first i-1 decision statistic vectors dt Is for the levels up to the level designated 
"next" in FIG. 3 and that the i-1 decisions that are based on the decision statistics for (1}, (2), (i-t) are free of errors. 
Such decisions may be used to cancel interference stemming from the components of q that have been already deter- 
mined. Note that q (j) . j = 1 , 2 m, denotes the reordered components of q corresponding to levels (1 }, (2) (m). 

Also note that for the following discussion, it is useful to express h in terms of Its m n-O columns so that (in discussing 

«> the formation of the decision statistic for defecting q ti) ) li s [h, h a ... b m ] 

[0028] Aiso note that the received signal, r, is the n-D vector expressed as follows: 

r * q r h 1 + q r h 2 * q s h 3 + v (5) 

45 

[0829] Note that each of the m h {j > may be defined using (5) as h, (where: 1 < i < m). From (5), h {i , is defined by the 
subset i iiilt* ay be ^pressed as follows 

50 r ~ |q (t) 4i {13 + q^ -hp)*.^q^)%i5l + q ro -h® (6) 



ss [0S3< Note.th is i a > q , i (2 ) + H % , h r t sssun it invol ectly detected 

signal components and i subtracted from r to give the n-D vector defined by: 



epossi osi ei 



4- ... + q m ,h m ] + v (7) 

[0831] Thus, in the processing of the same received vector r thai is designated *nsxf in FiG. 3 (i.e.. stack level 8), 
processor 60 cancels (subtracts from vecf< > , \ t 2 qh a i v < s % m 

t f iu i " She tetter vector. Processor 50 then *nu!!s* ouS of the vector being processed i the tevei 8 
'io vector;, the Interference from transmitted signal components that have not yet been detected, i.e., the interference 
stemming from the transmission of o (9 , through q {12 ), as shows in FIG. 3. 

L« f -- ^t«nce m mm Uesrsg Spatial Matched Fitters 

15 [0032] For thoss components (k-1 ) (i*2), (m) of q that have not yet been d*to . t ^ may be projected 

irtbogonai to the m-i ?« pace spam fc h , I , , h (m) he resist hat p 

fhi i» . ( s < i ^ - f S l i t i ' i 

simultaneous transmission of q,^.-,). q^;.) ... q (w . 

The direction and magnitude of the spatial-matched-filter vector dW is considered next. Note that q (i) multiplies each 
20 component of vW so that the vector viH is similar to the situation of receiving an [n-l -f tj-fo tterference-free 
signs! in vector AWGN. Explicitly, the decision statistic for q f!) is the scalar product < yto. q';<; >, in which the noise power 
of the scalar product is proportional to idNip. A standard result about optimum receive diversity may be esed to represent 
the optimized signal to noise ratio, SNFU. The rest, ti t siso h as the signal oowar that is piopomcnal 

t tl ^ i lit! I i ! FiG. 

25 1 , is free of additive noise. The SNR (i) of that medium Is optimized whan dl'i is any multiple of the value vf'l, as would 
follow by applying the well-known Cauchy-Schwarz inequality to the signal power term in the numerator in an expression 
for SNR. indeed, the best of ai! o? the opportunities for spatial filtering, is when the vector used in a scalar product to 
S6 vi'! to a scalar decision statistic is in the direction of yj'l: The reason for this is that when the collapsing vector 
is proportional to yj'l, the Cauchy-Schwarz upper bound on SNR is achieved with equality. Mote that fy^pappsars 
30 muitiplicatively in both numerator and the denominator of the or. n t SNR, the t Dptlmum SNR is invariant 
with respect to the jjyWjj. While dP' has the direction of the scale oi t$ is simply set in accordance with the (arbitrary) 
scale factor used tor the - j c ns employed in the final stage of QAM detection. (Note that the processes of 

canceling, nulling and compensating is shown graphically in FIG. 4, as mentioned above.) 

■ In the asymptote of high SNR the incremental advantage of not nulling, but instead maximizing the signal to noise plus 
& self-interference is negligible. 

>8»sation 

[0033] Processor 80 upon receiving a burst of signal vectors stores the signai vectors in memory 81. As is done 
*0 conventionally, the burst may contain information which receiver 200 may use to "learn* the transmission characteristics 
of the transmission environment 125 (FiG. 1). Such conventional learning (or train i m may be positioned 
at, lor example, either the beginning (preamble) or mid point (midambie) of a burst of signal vectors, as is well-known. 
imM] '\ t tone 5 received r ectorsi n Droc sso sertdet mines t s-rin which 

the transmitted data symbols should be defected as a function of their respective SNRs. This is done to minimize the 
*> probability of making a detection error in the processing of a burst of received vectors. The determination includes 
forming spatially- matched-filter vectors by iterativeiy determining the order in wbicn the transmitted symbols in a vector 
symbol it tected f t iveel r. Note that I insmui jna 

to-ooise ratio of the detection process. Processor 60. more specifically, stacks the m decision statistics lor the m com- 
ponents In accordance with the foiiowmg criterion:: 

50 

maximize minimum [SNR®, 1 < I < mj (8). 

as The reason that this criterion corresponds to minimizing toe probability of a hurst error is that in a high SNR situation 
(i.e., high p Situation) the probability mat a burs; contains at least one s could tier dominated by the q {l) that has the 
least SNR.. n {as w:il be shown below in oorsnecilor; with equations (10; and (1 1 ). 

[0035] Processor builds toe stack using a so-called "myopic" optimisation procedure, which tores out to be the global 
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optimization procedure expressed by equation (8) -- meaning that processor 60 starts at ths bottom level of the stack 
and proceeds Iterativeiy up to the m-th level, always choosing the next decision statistic among the options that maximizes 
i c 7 " on. processor 80 need only cons de - i 2of 

all ni - 1 - vt, ^rough evaluation of ml stacking options. 

5 (As an a - t the improved compensation feature ma fc e solution 

that !■:. aflona; Specifically, assume that pi leading t 1 

Once it makes the i~th decision, assume that no error was mads. For that case, then, processor 60 may subtract the 
complex numbe s " ~ line I - - if ion point from the decisk st< this pi - vides processor 
SO with the value of the noise that was included in the i-th decision statistic. This noise is correlated with corresponding 

• o additive noises of decision statistics further up ths stack. Consequently, each additive noise term In subsequent decision 
statistics can be adjusted by subtracting oft the conditional expectation of thai noise conditioned on all the contributions 
>i r r> - i i i!f n i ~ i i stack.) 

[00373 The program which Implements the above described ~ <- > , 

shown in flow chart form in FIGs. 5 and 8. Specifically, F!Q 5 iiiush tee the way im tithe or. lecisla tsistic 

'* vector $1 for each of m stack levels, I ~ 1 , 2, 3 m is determined. When ths program is entered at block 500, following 

the storage of a received burst of signal vectors and the processing of the training information, She program proceeds 
So block 501 where It sets a variable i to a value of one and then proceeds to block 502. Processor 60, at block 502, 
processes the gen, - m t < I ! ,er vec'nr having the largest SNR of all of the 

candidates (as discussed above and as will be further discussed betov ti > , > identifies it 

so than (block 503) scales i < » i * tng value. Processor 80 then stores the scaled vector in 

-i t« > < t -. ■> ■> n-, r ta i;i( i f i i mii ii n > iun 

(stacking) of all of the ; t i vectors; {i.e.. i m;. If it has not completed the forming and ordering process, 

then processor 60 (blocks 505 and 507) increments s and returns to block 502 to find which of she remaining; candidates 
offers the largest SNR and places thai: candidate next m the stack, 

as [0031 tew of hi i: >wn already stored 

the channel mat i i ss 60 has already stacked in the preferred order M the 

matching vector candidates and that processor 80 is now forming the remaining {m ■ (?•■ 1 )) candidate vectors to determine 
which one of those candidates will be inserted at the ith level of the stack. At block 501 , processor 60 forms a generic 
linear combination of the i-i vectors positioned at the lower levels in the stack (and which have already been ordered 

so in the stack), e* a erers. Processor 60 subtracts (block 603) that combination from the generic noise-free 

vector read (block 802) from memory 61 . thereby leaving a representation of the vector for the transmitted signal com- 
ponents that have not yet been detected. Processor 80 then (block 60t ; z& - ab ! ejtoa value of one to ensure 
that it will process ail of the vector signals. For each vector candidate, e.g., the ith candidate vector, processor 60 (block 
805'; projects that vector orthogonally away from the (m- (i-t)) vector signals that Interfere with the ith candidate vector 

ss to eliminate those interferers from the decision process. The resulting vector should be a vector that is free of interference 
»m the other ones of the received vec \ measures the norm (corresponding 

to the square of the length of the vector with respect to an origin in which each of the n components equals zero) to 
fe rmine the value for that norm. The value of t j. i fo» t statistic. I 

60 then determines whether the SNR is the best (largest) SNR for ail of the candidates processed thus far. if It is, then 

<«> processor 60 stores (block 609) the spatially -matched-filter vector having that SNR and its associated norm in the ith 
level of the stack and then prcceec s to block 6< itlnee the ; lag of tl amaining candidal If it i not 

then processot SO goes directly to block 608. Afler storing the selected signal vector candidate and , noon in memory, 
1 > ' i if it is done. If not, oru i i f 

proceeds to block 503, FIG. 5. 

4S [0039J Accordingly, then, processor 60 operating under control of the foregoing program places, for detection, the 
gn nponenis i an optimum order based on their respective Si - ;ed above, processor 

8Q then uses each of the stacked spatially-maiched-fiRer vectors to dete'Ti 

symbol most tiki repre is ■ rfconed above, the pre odurofc defermi in G and 

a discussion of that procedure is repeated, but in ths context of FIGs. 7 and 8. 
so [004© t pleme s in processor 60 {and somev nc 

canceling and matching stops 401 , 402 and 403 Illustrated i FIG. 4 Is shown In flow chad form in FIGs. 7 and 8, Starting 

with FIG. 7, processor 60 begins such processing by entering the program of FIG, ? at block 700. At thai pout, processor 
) litializss (block 70 1 sva abk to a \ a t e of 1 a d uses to >i 

discussion, assume thai processor 60 Is processing the ith levei In the stack. Processor 60 (block 702) processes the 
as vector signal (as shown foi procedure s 401 402 end 400. FIG. 4) positioned at the Ith levei In the stack to determine 

the symbol cfe n most likely represented by the signal vector. Processor 60 stores the bit' decisions corresponding to %. 

in memory 61 . arte then cheeks (block '703) the value of i to see if it has completed rn successive processings of 

received vector signal r. if so, then processor 60 exits the program. Otherwise, processor 60 {block 705) increments i 
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to point to the next succeeding level In the stack arid proceeds to block 702 to process th - « gnai vector in a 
manner corres* , that fevel. 

C0S41J An expanded version of block 702 is shown in RQ. 8. Specifically, at block 801 processor 80 reads from memory 
61 the received n-dimensionaf vector Signal r(s), and then reads (block 802) from memory 61 those signal vector corn- 
s' en 8te t nacc f « with block 7 t i el v, 1 it 
level i the stack. Then, in the manner discussed above, processor 80 cancels the 1-1 retrieved signal vectors, N i , 
* 'h%" -Oh) 1 !;t ^ ' ■* " ifSn proceeds to block 803 with a signal vector substantially devoid or t « i 
from those :-1 vectors. Processor 60 then projects the resulting vector away from ths intedsrers thai have net yet been 
eteeted. T hai ids from memory the si 1 1 Hor the ith I 
f c oi the stack. Processor 60 (cooperating with processor 58) then takes the scalar product of me spatial match vector and 
> result generated at block 303 to generate a complex number. 

|8042J Pro »s> ; ;ne of a conventioi - j.g., a sixteen 

pom sign 1 >n 404, FIQ. 4). isclos plescumb An example of such 

a pom; is shown in FIG. 4 i fi which point 405 representing the complex number is closest to the constellation point of 
fs quadrant 406. Processor £ k - ores the data bit decisions rep > - ooste<!ation 

point in memory and then returns control to processo Cn Processor 60 then oroees rocess the next 

level In the stack. 

[0043j When the received signal vector has been so processed and all symbols detected, with the corresponding bits 

decisions stored in memory, then multiplexer 70 multiplexes the bit decisions to an output terminal. 
SO [0044] Ths advantages of the foregoing may be appreciated by way of an example based on a particular set of 
jrarneters p - = 18 63, and with j 16, a n i ism snd receiver 200 

(FIG. 1 ) may have antenna arrays of up to 18 antennas. Also, assume that 95% of the transmission bursts are free of 

errors (i.e., at most a 5% outage), and an de 

des Naming vectors, 100 yector symbols. For the assumed parameters and 18 x 16 system, 
ss the Shannon capacity is 79.1 bps/Hz. (Mote that "Shannon capacity* is a well-known term in the art.) 

[0045} The number of transmit antennas, m, and the number of points in each of the planar constellations, K, may be 

optimized to maximize the number of bps/Hz. The number of constellation points in ro-D (orn-D) complex space may 

be expressed as follows: 

Number of constellation points = [Number of 2-D 

constellation points] = k™ 



The optimisation process involves performing the following procedure to iteratlvely explore m = t, 2, 3, ... 16. For each 

of these cases, as many Oils per 2-D constellation may be used, to the point where one more bit would violate the so- 
■40 called 5% "outage constraint" 1 . 

! When the number of constellation points was greater than two and not a perfect square we used a regular constellation 

"i v * *• v t s I ■» > ^ to ■>< > ~ i s « e used a square with four equilateral triangles 

twa ft ices of t sqm o along \ le i tnat 

oppose each of the four sides of the square, made up the constellation. 
*s hee lion fort t one error In a block with ¥ vector symbols is shown below as equation (10). 

P ,! { - n j =it (i , i \ ~ p ! 

to get samples of the m SNRs. For K point GAM constellations the formula in the large realm Is 



Probf&roneous Block! .« k x ]T P & (SNR® ) (1 0} 



where P b {.) is the well known function for the probability of bit error oi a 2-D constellation as a function of SNR, namely: 

ss 
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P&C8NR®} * m * - 1M ■ K 54 • log^K )i x p * £ex$ <- x 2 ) dx (1 1 J 

5 

where 



10048] Using equations (ft) and ( 1 0), and storting with m = 1 the system of FIG. 1 may support K«128 point constellations 
or equfyafently 7 bps/Hm For m - 2 the system can support a 32 point planar co~s c ? Ho - ti = i the 

system can support 16 point const- ~ -v > t i , •> ,i im - I Nhkhroneol 

is it i i - < 06 points or 38 bps/Hz. 

strative of the principles o? the invention. Those skilled in the art will be able to 
devise nume - jements ^ 3 explicitly shown or cses< ert teless embody those 

principles trtat are within the scope of the invention. For example, instead of maintaining a constant BER and outage 
i \ ' i '-mp M . vi ot the two 

a» approaches in terms of a difference in outage probability as a function of rate. As another example, the staffed artisan 
could hold the BER and outage probability constant for both systems, and express the relative merit in terms of transmitter 
power, or, the life of a battery in a portable system. 

f l i h „ ft i m f it ] *1 (K>t ii J >f» f li^rm 

antenn s than r ) > ct n - ■> * k • vm nmv > oh t.i j,t smrt could be 

es similarly applied to the receiver, in that case, more receive antennas would be deployed than receive radios and a subset 
of the receive antennas on which to receive a rarrsrnli - t ieeted 

[0949] 1 nose skilled in the relevant art would also recognize from the foregoing that in certain applications of the 
claimed invention it may be desirable to use only a subset of the inventive features. For example, it may be desirable 
to use |ust nulling but not cancellation and reordering, or else nulling and cancellation but snot ordering. 



Cteims 

1, Acommun i p ng a transmitter {100) tesving k antennas (110) and a receiver (2G0) having n 
ii I- 020} for receiving signals from said transmitter {iQO) as .i i i i receives signal vectors, where < 

i o rch of jaid received signal vecto t 00) ^n i 

additive noise, said communications system being CHARACTERIZED in that 

said transmitter (100) is responsive to receipt of an m-dimensional transmit symbol vector from a source (50), 
components oi said transmit symbol vector comprising Quadrature Amplitude Modulation i.e. QAM symbols, said 
! ~ i o -> 1 i t i; 

where k > m > 1 , and 

wherein said receiver (200) Is further CHARACTERIZED fey 

a detection processor (201 ) that processes the n-dimensiona! received signal vector to form an estimate of the m- 

^r {201 ) further comprising 

a processor (60) for a) determining a preferred permutation of Integers 1 , 2, ... m, which define an order in which 
said m components of said transmit symbol vector are estimated, and in which the preferred permutation is a function 
of the signai-to-noise ratios of the m components, and b) for then estimating, in the order defined by said preferred 
permutation the ed component of tl < I ignai vectc 

contributions due to transmit symbol vector components <*1. i-s-2, ... m which have not yet been estimated, and 
canceling out iron? h received signal vector > mtu due to transmit symbol - r < < m- t 1, 2, ... i 1 
>il have already been estimated, where i denotes t h element of the preferred permutation. 

2. The communications system of claim i wherein signals received oy sard receiver are, at least In pad, training signals, 
and wherem the detection processor (20 ; ) is arranged to repeatedly process the received training signals charac- 
terizing the signal propagation environment to generate a set of m spatially matched filter vectors, offering the best 

sfR) for detecting the m transmitted symbols. 

3- The communications system of claim j wherein the order for detecting the rn transmitted symbols maximizes the 
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minimum of the m signahto-nolse ratios of the detection process. 

4. The communications system of claim 1 wbetein the selection oi the transmitter antennas (1 10) is <■ > v > I changed 
prior to the transmission of a group of transmit vector symbols. 

5. The communications system of claim 1 further comprising a feedback channel from the receives to she transmitter 
andv\ A t i f j - j)i of im^ed n-a^on m <• tt *.p\!k ^rrenf 
information that the receiver (200) supplies so the transmitter {1 00) vie the feedback channel. 

6. fm ; i , claim tun ir on f ! from oeh<er(20Q 5 trans 
mister ( 1 00) I xfi , mi {100} transmits m f r j i - w stream of symbols supplied 
bv * XJrn ^ > s > >i ? - i *?^ ( ito> 
of antennas forming the set of antennas based on signal propagation environment information supplied by the 
receiver <200) via the feedback channel. 

7. 11 Ti oi ciaim 1 farther comp 

t > * i tt -> t i ? nsennas 

(110), in which the subset is selected based on signal propagation environment information supplied by the receiver 
(200) via a feedback channel. 

8. The communications system of claim 1 wherein the receiver (200) has an arbitrary number of receive antennas 
(120) greater than n and wherein the n antennas that are usee to receive signals from said transmitter (100) as n- 
dimensional received signal vectors is a subset of the arbitrary number of reeelv < i 1 

S, The communications system of claim i wherein i rate at which symbols may be received accurately ar the receiver 
(200) is proportional to the number oi v = -i as (110) used to transmit the s .,aiiihm<c in the 

level of transmitted power so that the level of power at w* h syn o» be transmitted at the transmitter (100) 
may be substantially decreased by increasing the number of transmit antennas (110) by a relatively small number. 

1 0. A wireless transmitter for a communications system as claimed in any of the claims 1 -9 comprising 
a source (50) of a stream of symbols, 

a plurality of transmitter antennas (1 10), and CHARACTERED BY 

a transmitter processor (100) which demultiplexes the symbol stream into m subsfreams of symbols and which then 
< 1 nq a predetermined 

modulation technique. 

11. The tiaiiamhler of ciaim ~I0 wherein said i< _ i of transmitter antennas { 1 1 1)) is greater than m antennas, where 
m > 1, and wherein selection of the m transmitter antennas (110) used to transmit the m substreams of ■symbols is 
arbitrary, 

12. The transmitter of ciaim 10 wherein the selection of the transmitter antennas (1 10) is randomly changed prior to the 
transmission of a group of symbols, 

13. The transmitter of claim 1 0 further comprising a feedback channel from a receiver of the transmitted symbols to the 

s & - m jl k m m. ™ «i v. sub i .r ( t n 

(110), in whi sat tested baset ig > < \ - t i < < 1 f Jttors reeer d fro 'lie 

receiver (200) via the feedback channel, 

14. A wireless receiver for a: mmu trans s iaimec of th ims 1-9 comp risi 

a plurality of receiver anisnnas (120) for respectively receiving a piaraiity of n signal components forming a received 
signal vector, where n > 1 ,. and 
CHARACTERIZED BY 

a processor (60) thai stores? a received signal vector in memory u with other received signal vectors forming 
burst of signal vectors, and 

a detection processor (201 ) which processes me stored received signal vector to determine components of a trans- 
mitted signal vector In an order determined as a function of respective signai-tomoise ratios determined for particular 
decision statistics s< ins o x n mboi vector comp -<nsnc* hat have been 

processed are c processed, b) int< 
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transmitted symW vector components that have not yet bsen processed is nuiied out of the signal vector that is 
currency ce. ting the signal vector orthogoi 3 

and then processing the projected signal vector in accordance with a predetermined demodulation technique to 
identify i ->ed symboi vector. 

15. The receiver of claim 14 wherein the detection processor (201) includes repeatedly processing data characterizing 
the transmission environment to generate a set of m spatially matched fitter vectors offering me best 1 ! m s - 
Ratio (S:NR) tor detecting the components of toe transmitted symbol vector, 

m 18. The receiver of claim 14 wherein the order for detecting the components of the transmitted symboi vector is to 
maximize the m ni num sig 3d ocess. 



f" Uf i r \ < f lr \ t. 1 

Anten, en(i" n rm * ihn iw>rvi/jv ] ii trq - 

wohs n>k •> v ender(10G) 

u j itnv 'ei^ns »h i. « j ^ - - t\8, dins 

rtor 8 ( ■ nes m-dimst nSs ; 50} anspficht, 

wobei Komponenten des Setxiesyrnbelvekiois GusdratrirmzepRudenmodulatlonssymboie, d. h. GAM-Symfoole, 

n< n vnbo«hm"n*^!i *\ ierm©n010) 

gesendet wwd, wobei k > rn > 1 , und 

wobei der Empfanger {200} auBerdem gskennxeichnei 1st durch 

eta.. _ f ti i] i c i - a iLnJ i v memo- mzung 

des m me*'b^)ie enc c » 1 ? zn f < o n umfasst 

einen Prozessof (60), utm a) eine bevorxugte Permutation von Ganzzahien 1, 2, m zu bestimmeo, die eirse 
Reihenfolge definieren, in der die m Komponenten des Ssndesymboivektors geschatzt warden, und wobei die 
bsvorzugte Permutation eine Funktion der Signai-Rausch-Verhaitntsse der m Komponenten 1st, und b) um dann in 
- durch diese bevorzugte Permatat o i c i te Komponeme des Sendesymboi- 

vektors zu bestimmen «ndem i - nponentsn i+1, i-t-2, ...... mzuruckzufflhren 

sind, die noch nicftt geschatzt wurden, aus dem Empfangssignalvektor ausgenullt warden, und Beitrage, die auf 
e nten 1, 2, i-1 zuruckzufuhren sind, die bem - us dem Emp- 

fangssignai <=■ den wobei i das i.te Element der bevorzugten Permutation bezeschnet. 

Kommunikationssystem nach Anspruch 1 , wobei die Signaie >m Empfanger i word* i idest« is 
zumTeil Trainingssgnaie sind, und wobei der Erkennungsprozessor {201} angeordnet ist, um die etrtpfangenen 
Tralningsignaie, die die Signaiausbreliungsumgebung kennzeichnen, wiederhott zu verarbeiien, um einen Satz von 
m raumiich angepassicm Fiitervektoren zu erzeugen, die das bests Signai-Rauson-Verhaitnls (SNR) zut Erkennnng 
der m Sendesymboie bieten. 

Kommunikationssystem nacb Anspruch 1 , wobei die Reibenfolgezor Erkennung der m Sendesymboiedas Minimum 
derm Signs rh itnis ed~s u i » n 

I I >l S >, i < 1 ii 1 >H ! 1 J i mt t i > } 

von Seudevekiomymboleu zumilig geanden: win! 

> t i. h? 15 ii t-r - t i i i o Empfanger sum 

Sender, and wobei die Wahl t t c < m (1 1 auf der Baals von Signalausbreltungsumgebimgsinformatlon 
optimiert wird. die vote Empfinger {200} uber den Ruekkopplungskanal dem Sender ; 1 00} zugefQhrt wifd. 

>-o 5 -t sv - ? k - rn 

zum Sender (100) Jhd "^<~ c tr me eines lernu < mb< " dk 

vons er Q - den, Qber jeweiiigeaus einen te net (110) 

sendet. and cite Aesvvahi von Antennen, die dan Antenner ; satz bllden, auf der 3as:s der Signalatisbrestungsamge- 
bungsinformation andert, die vom Empfanger (200) uber den e < k < ^ \ j i .1 wird 

(n - i % a s «. m t Anspruch 1 ; auBerdem > m - >i einen Ruckkopplungsksna! vom m> t i < (200) 
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zum Sender (100), und < i - e 

sendet, v iie Teil j« 1 E ' s a bi ^ g it 

Empfa.nger (200) Oder einen Ruekkoppiungskanai zugefuhrt wir<J. 

8, Kommunikailonssystem nach Anspruch 1 , webet der Empfanger (200) aine baiiebige Zahi von Empfangsanfennen 
{ 1 20} aufw e ai die n Antennen, die be ender (1 00} 
ais n-dimensionate Empfangssignalvektoren it; empfangen, eine Teiimenge der beiiebigsn Zahi von Empfangsan- 
tennen (120) sind. 

9, Koromunikalionssystem nach Ansptuch 1 , wobel die Qeschwirtbigkeil , mii der Syrnboie am Empfanger (200) hchiig 
ampfangen warden konnen, proportional ::ur Zahi der Sendeantennen (110), die zum Sendee der Symbols benuizt 

n i ^ t > ! i > i i- < ' > < _ ■> rdff 

(100} gesendet warden kdnnen, wesentlich verringert warden kann. indem die Zahi de; Sendeartennan (110) urn 
eina ralativ Mesne Zahi eriioa! wird, 

10. Funkseoder fur ain Kommunikationssystem nach einam der AnsprQehe i ■• 9, umlaasawl 
eiee Quelle (50) eines Symboiawomn, 

eine Vieizahl von Sendeantenner- (1 1 0), and gskennxasefofiet dutch 

einen Sendeprozessor (100), der den Symboisttom zu m Symboinebenstrdrnsn dernultipiexied und dann laden 
Symbofnebenstrom mitNife sine? voraestimrnten fyfodalatlonslechnik fiber eine gewabite der Sendeantennen (1 10) 
sendef, 

11. Sender nach Anapruch 10, wobei die Viei2ahl von Sendeantennen (110) groBer ist als m Antennen, wobei m > 1, 
und wobei die VVahi der m Sendeantennen (110), die zum Sender* der m Symbolnet enstn ra enutzt warden, 
foeliebtg 1st 

18, Sender nach Anapruch 10, wobei die Wah! der Sendeantennen (110) vor der Qbertragung einer Symboigruppe 

7 in ' 1 i 

1 3 . Sender nach Ansptuch 10, auSerderrt umfassersd esnen RGckkoppSungskanal von einem Empfanger der gesendeten 
Symbolezum Sender, und wobei der Sender ein Vektorsyrnboi ubereine Teitmenge der Vielzahi von Sendeantennen 
(110) sendet, wobei die Teiirrsenge auf der Sasis der Sn< - v&bii wird, die 

^sKanai empfangen wtrd. 

14. Funkempfanger fur ein Kommunikationssystem nach einem der Ansprdehe 1 - 9, umfassend 

eine Vielzahi von Empfangsantennen (120), urn jewetis eine Vieizahl van n Signa&omponenten zu empfangen, die 
sinen fcnn » formen, wobei n > 1 , und gekennzeicbnet durch 

einen Prozessc (60), der esnen Empfangsst > < i °ki^ -n lie einen Burst vcn 

i ns fo amen n einem Speicher (61) speiched, und 

S i be^ti if ^en, die als eine Funktion je 

"vjlb s«.ii'i'ni''vj*i < 1 ! i i i in,! "a a ui hi, 

Set ane « bereitsvei t f in emgerad tb Ei a 

t 1 i-^df-t- c v. i dif noch niehl 

verarbeitet wunten, aus dem gerade verarbeiteten Srgnaivektor ausgenuilt warden, tn > n Signafvektot naho- 
gonal zu einem Raarn projiziert wird, der von ± men wurde, und dar projiaerte 

s a m ^ dann einer veffcias-iaavaen a i ■ entsprechand verarbaita; \ urn die Komponenten 

dea - - * v 1 f, t >r,'L 

15. Empfanger nach Ansprtseh 14 wobsi - ot i ste ein- 
sehlieSt, die die Obertragungsumgebung kennzeiohnen, un a<ne i Satz von a < 1 a .vl tc at t 
zu erzeugen, die das beste Signai-Rausch-Ve^itnis (SNR) zu; Erkennang dot Komponenten des Sendesyrnboi- 
vaktors bseten, 

18. Enipianger nach Anspruch 14, vvoaei die f ->< ear Erkennung Per KompotietvEeu des : t\ < 

darin bestehh das n^nimale Signal-Rsuscri-VerhaiiTiis aea jvfkannangaprazasaes; za raaxirniesen. 
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< t 

1. Systems cfe communications ( u i i t i f\ ayanl k » t (110) ei urt rteepteur (200) ayaot 
antennas (120) pour recww des signaux dodi! ^mstteur (tOO) sous; forme de vecteurs <te signaux negus de a 

£ dimensions, ou a > k : ehacun desdits vecteurs < sigrtanx u > v i s una ^ r t % tin&aire da symboies 

ptovenaniaud'Jemetteut(HX < < < ' vTtTRSSEencequ© 

ledit emetteur (100) est sensible a la reception d'un vector da symbote emis da m dimensions depots une source 
(50), des composantes dodii vecfeix an symbol; em is eomprenant das symboies de Modulation < i i % en 
Quadrature, c.-a-d. QAM,, ledit vecteur de symboie <§mis etant emia sur m des k antennas (110) au rnoyen d'une 

m technique de modulation predetermlnee, ou k > m > 1 , ei 

un processeur da detection (20 1 ) qui traits le vecteur de signai recu de n dimensions afin de former une estimation 
du vecteur de symboie srnis de ro dimensions, !e processeur de detection (201) eomprenant en outre 

Ulin > t .> i x , 1 ( i 1 ( 11 HI fn'liMH 111 

preieree eat fonciiors des rappods signal/bruit das m composantes, et fa) estimer ensuite, dans i'ordre defini par 

it r 1 ^ i n , 4jfe".2iu ii , u n l 

signal regu ies contributions dues aux composantes de vecteur de symboie ernis i+1 , i+2, ..„ m, quin'ont pas encore 
ie est n i te j f - i v vecteur de 

•?n -zes, ou i designs !' i 6me element de la permutation prsferee. 

2. Systeme de communications seion la revendication 1, dans fequei ies signaux recus par ledit recepteur sont, au 
moins en partie, des signaux d'apprentissage, et dans ieque! le processeur de detection (201) est agency pour 
traiter repetitive ment !es % a t envir nm < pi p gum me> inux 

25 afin de qenerer un m r imi 1 1 . >n Sgnai/Bmit 

(SNR) pour detecter ies m symboies emss. 

3. Systeme de communications seton ia revendicatton 1 , dans Sequel S'ordre de detection des m symboies §mis maxi- 
mise le minimum des m rapports signal/bruit du processus de detection. 

30 

4. Systeme de communications seion Sa revendicatton 1, dans lequt-l i I .< > , m » o » It ) eat 
changes de faeon atsaioire avant remission d'un groups de sy < - - emts 

5. So'f n , i ! »n > i. i i ? ^. ► j) : ^ f Id.. i 

35 recepteur vers i'ernertoui ei dans iaque! ia selection des antennas e'ernebei x < " est opiirnisee d'apres ies inter- 

nations c wircnnan iv qua ie re i n:t a i'emeden (100) pari Xei 

mediajre du canal de co-si re -reaction. 

8. Sv i r i if i I i in 1 , compn - < < m depuis le 
40 ut (200) i 1 ills 1 - - t t t it iptexs 

de symboies fourni par une source (50) sur des antennes respectives d'un ensemble predetermine d'arrtennea 
d'emission (110) at change la selection d'antennos formant i'ensembte d'amennss d'apres ies informations d'envi- 
fonnement de propagation des signaux foumies parte recepteur <200}pad'intermediatre du canal de centre- reaction. 

45 i .i . N mpr8nant en outre un eana t im depi ^ ! e 

recepteur (200) vers i'emeltsur (100) etdans Ieque! I'emetteur (100) emet un symboie de vecteur sur an sous- 
ensemble ess ■ - •• •:. s .t { 1 1 0), dans iequel ie 

- ^vi onnam n - propaga idessigi re ma; de centre 

reaction. 

S. Sysfsme de x sek;a la mvendiotekm 1 , dar;s ieqaei ie receprem (200) a > norimre i n , d'an- 

ennes de ■ 1 j " i svoir des signaux 

xi ei istt ds sn t n u sua-er vn>!e du 

nombre arbitrage d'arstennt t ion (120). 

ss 

9. Systeme de. i ) n sak5n i revendiceixx: 1 , dans ieqeei i debit aoqoel ies symboies peuvent etre recas 
avec precision au nivea du receptes ion (IK ees ui 
Irarismellra Ies symboies et logarlitimique en niveau de puissance emise s: men que la niveau de puissance smqusl 
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las symtxslas peuvenS eve emis au niveau de I'emetteur {100) pout etre sensibiement dsminue en augmentant !e 
nombre d ar ssios (110) par un nombre reiativement petit. 

10. 1 >ns 1 a 9, comprenant 
s une sou 

ui i« pfu a its i fa i (11 0), at CARACTgRSSE PAR 

pn jseu ef exe ie train de symbofes en m sous-train < s . ss et qui 6met 

ensuite chaque sous-train de symbcles sur une antenne selectionnee das a- r etteur (110) au moyen 

dune technique oe >i t _ > prodeterminee. 

to 

11, Emetteur seion ia rever.dsc3t!on 10, dans Sequel ladite pluraiite d'antennes d'emeneur (i 10} ess superieuro a m 
antennas, oil m > 1 , at dans iaquel la a<§ tio « i antennas d'emetteur ( 1 ui ttre as m sous- 
trains de syreboles est arbitrage. 

'5 12. Emettsur salon ia ravandscation 1 0, dans leque! ia selection des antennas d'emetteur (1 10} est changes de facon 
t "i j re i nit's s groups de s boies 

IS Emetf ) lot ndicatlon 10. ccmpr&na « > aiai de conbe t epui > ecepfeur das 

symboies amis vers i'emetteur et dans leque! I'emetteur emet un symbole da veeieur sur on sous-ensemble de ia 
en psuralita d'antennes d'emetteur (110), dans iequel fe sous-ensemb8e est seiectionne d'apres des informations d'sn- 

vifonnsment de propagation des signaux recues are u inte ia fuc de contre-reacfion 

14, P ' r u i < it- 'i i > une quelconqua des revendicatiofis 1 a9,compreoant 
uneplusci te Uairs ei 3e<~ d ut i it n n ii ^ ie 31 i 

£5 forniant un veeieur da signal raga, ou n> Let CARACTBHSg PAR 

un processeur (60) qui memorise un vecteur de signal recu dans una memoirs (61) avec daufrss vecteurs: de 
signaux racus tormant una rafale de veciours de signaux, et 

un processeuf de detection (201 ) qui Iraite le vecteur da signal reeu memorise a«n de determiner das composantes 
d'un vecteur de signal amis dans on ordre determine en fonction de rapports signal/bruit respectifs determines pour 
des statlstiques de decision psriieelleres de ieiie sone que a) k- br outage geeere par ies composantes de vecteur 
de symbols emis qui ont ate tea 1 e signal en cours d sitement, b) le brobifiage 

gener^ par ies composantes d« --dole emis qui n'ont pas one 

de signal en cours de traitement en projetant ie vecteur da signal orthogonal a un espace occupe par ce brodiliage, 
puis en traitant ie vecteur de signal projese conlormementa une technique de demodulation predetermines afln 
35 d'iderstifser ies coroposarstes du vecteur de symbole emis, 

15, Recepteur salon la revendication 14, dans iequel le processeur de detection (20 1 t 'n<e i -t *ep8t£ 
de donnees caracterisant renvirorsnement de transmission afin de generer un ensemble de m veefeurs de filtrs 
adapies spallaiement offrant le meiiieur Rapport Signal/Bruit (SNR) pour deleclerie co < > - du vecteur da 

40 

16, Recepieu!' salon la rave dicatlon i - ction des composantes du veeieur de symbols amis 
serf a maximiser is rapport signal/bruit minimum du processus de detection. 

46 
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